Hydrogen peroxide (H 2 O 2 ) induces increases, to different degrees, in transcripts, protein levels, and activity of the Ndh complex (EC 1.6.5.3). In the present work, we have compared the effects of relatively excess light, H 2 O 2 , dimethylthiourea (a scavenger of H 2 O 2 ), and/or EGTA (a Ca 2ϩ chelator) on the activity and protein levels of the Ndh complex of barley (Hordeum vulgare cv Hassan) leaf segments. The results show the involvement of H 2 O 2 in the modulation of both the protein level and activity of the Ndh complex and the participation of Ca 2ϩ mainly in the activity regulation of pre-existing protein. Changes in Ndh complex activity could not be explained only by changes in Ndh protein levels, suggesting posttranslational modifications. Hence, we investigate the possible phosphorylation of the Ndh complex both in thylakoids and in the immunopurified Ndh complex using monoclonal phosphoamino acid antibodies. We demonstrate that the Ndh complex is phosphorylated in vivo at threonine residue(s) of the NDH-F polypeptide and that the level of phosphorylation is closely correlated with the Ndh complex activity. The emerging picture is that full activity of the Ndh complex is reached by phosphorylation of its NDH-F subunit in a H 2 O 2 -and Ca 2ϩ -mediated action.
A plastid Ndh complex, analogous to the NADH dehydrogenase (NADH-DH) or complex I (EC 1.6.5.3) of the mitochondrial respiratory chain, which catalyzes the transfer of electrons from NADH to plastoquinone, has been purified from pea (Pisum sativum; Sazanov et al., 1998) and barley (Hordeum vulgare cv Hassan; Casano et al., 2000) . Eleven polypeptides of the Ndh complex (NDH polypeptides) are encoded by respective ndh genes of plastid DNA (Maier et al., 1995) . Both the Ndh complex (providing electrons) and thylakoid plastoquinol peroxidase (Zapata et al., 1998) together with the Mehler reaction and superoxide dismutase (draining electrons) might poise the redox level of the photosynthetic electron carriers. This mechanism (chlororespiration) would most likely ensure the photosynthetic electron transport under a variety of environmental conditions, which include rapid changes of light intensity caused by sunflecks and leaf movements. In addition, chlororespiration may act as a scavenging system of reactive oxygen species generated under continuous photooxidative stress or by the successions of sunflecks and light gaps (Casano et al., 2000) . In fact, NDH polypeptides and NADH-DH activity of the Ndh complex increase under photooxidative stress provoked by the herbicide paraquat (Martín et al., 1996; Catalá et al., 1997; Casano et al., 1999 Casano et al., , 2000 or bright light and chilling in field-grown barley (Teicher et al., 2000) . In addition, ndh mutants show increased sensitivity to photooxidative stress (Endo et al., 1999; Horvath et al., 2000) , which strongly suggests that the activity of the Ndh complex is involved in the protection against said stress.
The increases of plastid-encoded NDH polypeptides and Ndh complex activity under photooxidative stress are mediated by hydrogen peroxide (H 2 O 2 ; Casano et al., 2001) . Similarly, H 2 O 2 mediates the induction of several nuclear-encoded defensive enzymes, such as cytosolic ascorbate peroxidase (Karpinski et al., 1999; Morita et al., 1999) , glutathione S-transferase and catalase (Polidoros and Scandalios, 1999 ) under oxidative stress. The time courses of the increases of ndh mRNAs, NDH polypeptides, and NADH-DH activity of the Ndh complex after photooxidative or H 2 O 2 treatment of the leaves have been compared (Casano et al., 2001) . Approximate 100% increases in protein levels and activity of the Ndh complex during the first 4 h suggest an activation of the translation of pre-existing mRNAs, whereas further 400% to 500% increases of protein and activity between 6 to 15 h of treatment are parallel to increases of mRNA levels. Between 15 to 30 h of treatment, important differences were detected between the levels of Ndh protein and Ndh complex activity (Casano et al., 2001) , which suggest an additional effect of the H 2 O 2 -mediated pathway on the activity of the Ndh complex. In addition, it has been indicated that H 2 O 2 is a common intermediary in several signaling pathways, which include Ca 2ϩ mobilization (Price et al., 1994) , abscisic acid (Pei et al., 2000) , jasmonic acid (Orozco-Cárdenas et al., 2001), gibberellins (Fath et al., 2001) , and protein kinases (Kovtun et al., 2000) .
In this work, we compare the levels of the Ndh protein and Ndh complex activity when barley leaf segments are treated with H 2 O 2 and relatively excess light (photooxidative light [PhL] ). The role of Ca 2ϩ and protein phosphorylation on the photooxidative increase of the Ndh complex activity is also studied. The phosphorylation of the NDH-F polypeptide is demonstrated in thylakoid membranes and immunopurified Ndh complex. The activation of the Ndh complex by phosphorylation of the NDH-F polypeptide is assessed comparing the changes in Ndh activity, NDH-F protein, and levels of phosphorylated NDH-F. The NDH-F phosphorylation by a putative chloroplast protein kinase(s) regulated by H 2 O 2 and Ca 2ϩ is discussed. (Casano et al., 2001) , Ndh activity progressively increased in control segments incubated under PhL (Fig. 1, A and B) , reaching the maximum value at 6-h incubations. The addition of H 2 O 2 to the incubation medium further increased the Ndh complex activity up to approximately 300% over the control at 6-and 24-h incubations. H 2 O 2 provoked a slight decrease of chlorophyll content, which did not exceed 20% with respect to controls in GL, after 24-h incubations (data not shown).
RESULTS

Effects of Relatively
As recently reviewed (Bowler and Fluhr, 2000) , Ca 2ϩ exhibits important signaling roles in the active oxygen-mediated responses to different stresses. Therefore, the implication of H 2 O 2 in the regulation of Ndh complex activity was further studied using dimethylthiourea (DMTU), a H 2 O 2 scavenger (Levine et al., 1994) , and the participation of Ca 2ϩ was preliminarily assessed by the addition of EGTA, a Ca 2ϩ chelator. Leaf segments were preincubated in water, DMTU, or EGTA, for 4 h under GL and then incubated in water or H 2 O 2 for 20 h under PhL. Because the photooxidative induction of NADH-DH activity is a complex process including, at least, increases in the steady-state level of the corresponding transcripts and NDH polypeptides (Martín et al., 1996; Catalá et al., 1997; Casano et al., 2001) , in the present study, we compared the variations of Ndh complex activity with the changes in the NDH-F polypeptide level, using the latter as an estimation of the total Ndh complex. Values in Table I are expressed as percentages of control (100%) leaves, which were incubated in water for 24 h under GL. As expected, incubation under PhL approximately duplicated Ndh activity (197%), whereas the effect on the amount of NDH-F polypeptide was less intense (162%; Table I ). Under a stronger photooxidative condition, as generated by H 2 O 2 treatment, leaf segments showed an even higher Ndh activity (495%), which was accompanied by a lower increase of NDH-F polypeptide (236%). Both DMTU and EGTA inhibited PhL-and H 2 O 2 -induced increases of Ndh activity and NDH-F polypeptide to different extents. In leaves preincubated with DMTU, Ndh activity was 30% lower than in those preincubated with water (138% versus 197% and 350% versus 495%, in water and H 2 O 2 incubations, respectively). The impact of DMTU on the NDH-F polypeptide level was more severe, totally inhibiting PhL-and H 2 O 2 -induced increases, maintaining the amount of NDH-F within the value of control leaves. In contrast, EGTA had only a marginal effect on the NDH-F level increase produced by PhL (142% versus 162%) but a strong influence on Ndh activity (83% versus 197%). EGTA reduced the H 2 O 2 -induced increases of Ndh activity by approximately 65% (236% versus 495%) and of NDH-F polypeptide by approximately 80% (128% versus 236%). In summary, results shown in Table I indicate that H 2 O 2 and Ca 2ϩ are both involved in the regulation of Ndh activity, and that this regulation could not be solely explained in terms of changes in the NDH-F polypeptide level. As indicated by the Ndh activity to NDH-F level ratio (Table I) , H 2 O 2 and Ca 2ϩ also seem to modulate the activation degree of the Ndh complex. Therefore, posttranslational modifications of certain NDH polypeptide(s) could be involved in changes of the Ndh complex activation.
Phosphorylation of the NDH-F Polypeptide and Regulation of Ndh Activity
It is well-known that abiotic stresses use Ca 2ϩ and Ca 2ϩ -dependent changes of protein phosphorylation for signal transduction (Bowler and Fluhr, 2000) . Reversible protein phosphorylation is an important regulatory mechanism that modulates the structure and function of proteins in all organisms. Therefore, we investigated the possible phosphorylation of the Ndh complex in vivo, using monoclonal phosphoamino acid antibodies; and whether changes in the level of phosphorylation could account for variations in its enzymatic activity.
In a first approach, we performed western blots from native gels using NDH-F antibody and a mixture of phosphoamino acid antibodies (anti-phosphoSer, anti-phospho-Thr, and anti-phospho-Tyr) after developing the NADH-DH activity stain (Fig. 2) . Both NDH-F antibody and phosphoamino acid antibodies recognized the NADH-DH activity band of the Ndh complex. The analyses of sequence motifs (Bairoch et al., 1997) revealed several potential phosphorylation sites in various NDH polypeptides. To confirm and further study the phosphorylation of the Ndh complex, we carried out a series of experiments to determine which NDH polypeptide(s) were phosphorylated. Isolated thylakoids solubilized with SDS or Triton X-100 and immunopurified Ndh complex were subjected to SDS-PAGE and western analysis (Fig. 3) . The mixture of phosphoamino acid antibodies recognized several polypeptides in SDSsolubilized thylakoids (lane 1) among them, one of 70 kD and the well-known phosphorylated photosystem II polypeptides of approximately 32 and 29 kD (Rintamäki et al., 1997) . Only the 70-kD polypeptide was recognized by phosphoamino acid antibodies in Triton X-100-solubilized Ndh complex (lane 2). The conditions of Triton X-100 solubilization employed in these experiments removes proteins from stromal thylakoids only (Morrissey et al., 1986) , which is the Figure 2 . Phosphorylation of the Ndh complex. Thylakoids were isolated from 14-d-old primary leaves incubated for 20 h under PhL (300 mol photon m Ϫ2 s Ϫ1 ). After Triton X-100 solubilization, aliquots of 60 g protein were subjected to native-PAGE, and NADH-DH zymograms were developed. After electroblotting onto polyvinylidene difluoride membranes, Ndh complex was detected with NDH-F antibody, and phosphorylated polypeptides were detected with a mixture of monoclonal phosphoamino acid (antiphospho-Ser, anti-phospho-Thr, and anti-phospho-Tyr) antibodies. proposed location of the Ndh complex (Nixon, 2000) . The immunopurified Ndh complex also showed an intense 70-kD phosphorylated polypeptide (lane 3). A 70-kD polypeptide corresponding to the NDH-F subunit of the Ndh complex has been described (Catalá et al., 1997) . Therefore, the possible phosphorylation of the NDH-F polypeptide was assessed in a parallel set of western blots using anti-NDH-F (Fig. 3B) . A single band of the expected molecular mass for NDH-F (approximately 70 kD) was detected in whole thylakoids (lane 4), in Triton X-100-solubilized Ndh complex (lane 5), and in the immunopurified Ndh complex (lane 6). In summary, a phosphorylated band with the same electrophoretic mobility as the NDH-F band was clearly observed in thylakoids and, with a higher intensity, in the immunopurified Ndh complex, indicating that the NDH-F polypeptide may be phosphorylated in vivo. Analysis of the tryptic digestion products of immunopurified Ndh complex confirmed that the 70-kD polypeptide recognized by phosphoamino acid antibodies is the NDH-F subunit of the Ndh complex. As shown in Figure 4 , both phosphoamino acids and NDH-F antibodies recognized the 70-kD polypeptide and two tryptic fragments of approximately 39 and 31 kD. One additional polypeptide of approximately 25 kD was recognized by anti-NADH-F (Fig. 4B) but not by anti-phosphoamino acids (Fig. 4A) . Obviously, the two larger tryptic peptides include the NDH-F sequence selected to prepare NDH-F antibody and phosphoamino acid site(s) and are derived from digestion of the NDH-F subunit of Ndh complex. Very probably, the shortest 25-kD polypeptide is a fragment that may be derived from the former ones, still retaining the NDH-F epitope sequence but not the phosphoamino acid site(s).
The amino acid sequence of the barley NDH-F polypeptide deduced from the barley ndh-F gene (Gaut et al., 1997) contains several potential phosphorylation sites: three Ser residues, three Thr residues, and a Tyr (Bairoch et al., 1997) . SDS-PAGE and western analysis of SDS-solubilized thylakoids performed with each anti-phosphoamino acid separately (Fig. 5) show that only the phospho-Thr antibody (lane 2) recognized the 70-kD NDH-F polypeptide (lane 1) among other phosphorylated thylakoid proteins. Therefore, the NDH-F polypeptide must be phosphorylated at a Thr residue(s).
With the aim to establish the effect of NDH-F phosphorylation on the Ndh complex activity, we compared the Ndh activity and the amount of NDH-F polypeptide with the NDH-F phosphorylation level in leaf segments preincubated under GL with water, DMTU, or EGTA and then incubated under PhL with water or H 2 O 2 . Table I shows that NDH-F phosphorylation and Ndh activity increased to a higher degree than the NDH-F polypeptide level after PhL treatment (water incubation) and more strongly after H 2 O 2 incubation. All increases were inhibited (although at different extents) by DMTU and EGTA. In all treatments that increased or decreased NDH-F phosphorylation, similar increases or decreases of the Ndh complex activity were observed, except in DMTU-and H 2 O 2 -treated leaves in which Ndh activity increased more than NDH-F phosphorylation. DMTU probably did not completely eliminate H 2 O 2 in these leaves, and residual H 2 O 2 might exert additional effect(s) on Ndh complex activity not mediated Immunopurified Ndh complex (0.5 g) was incubated in 100 mM Tris-HCl pH 7.5 and 10 units of trypsin at 20°C. The reaction was stopped by the addition of soybean (Glycine max) trypsin inhibitor (75 ng g Ϫ1 trypsin) in SDS sample buffer and then boiling for 10 min. Samples were subjected to Tricine-SDS-PAGE and western-blot analysis using a mixture of monoclonal phosphoamino acid antibodies (A) and an NDH-F antiserum (B). by NDH-F phosphorylation. In general, changes in the phosphorylation of NDH-F to NDH-F level ratio resembled the variations of the Ndh activity to NDH-F level ratio (Table I) , suggesting a correlation between NDH-F phosphorylation and the activation of Ndh complex.
DISCUSSION
Active oxygen generation is a common phenomenon in all aerobic organisms and is enhanced under most stress conditions (Asada, 1999) . Increasing evidence indicates that active oxygen species (especially H 2 O 2 ), the intracellular redox state, and Ca 2ϩ exhibit important signaling functions in the responses to different stress conditions (Foyer and Noctor, 1999; Karpinski et al., 1999; Bowler and Fluhr, 2000; Mullineaux and Karpinski, 2002) . H 2 O 2 induces the nuclear-encoded gene expression of antioxidant enzymes such as catalase, glutathione S-transferase and cytosolic ascorbate peroxidase (Karpinski et al., 1999; Morita et al., 1999; Polidoros and Scandalios, 1999) . In a previous paper, it was demonstrated that H 2 O 2 under GL can mimic the inductive photooxidative effect generated by PhL or PhL plus paraquat (Casano et al., 2001) . In the present paper, we demonstrate the inductive effect of H 2 O 2 on the Ndh complex activity even under PhL. PhL and above all H 2 O 2 treatments induced stronger increases in Ndh complex activity than in NDH-F polypeptide levels. Thus DMTU, a H 2 O 2 scavenger, strongly inhibited the increase of Ndh activity induced by PhL and partially inhibited the inductive effect of H 2 O 2 (Table  I) . DMTU had a more marked effect decreasing the NDH-F polypeptide level in all treatments (Table I ). These results indicate that H 2 O 2 could act as a second messenger regulating, to different extents, both Ndh complex activity and NDH-F polypeptide levels. In addition, we found that Ca 2ϩ participates in the Ndh complex activity regulating signal pathways driven by H 2 O 2 . Our results show that EGTA strongly inhibited Ndh activity increases generated by PhL and H 2 O 2 . However, the effect of EGTA on the NDH-F polypeptide levels was lower than on Ndh activity, suggesting that Ca 2ϩ is mainly involved in a posttranslational regulating mechanism(s).
Protein phosphorylation is a common posttranslational modification that plays a major role mediating the intracellular responses to different stimuli. In the present work, we unambiguously demonstrated that the NDH-F polypeptide of the Ndh complex is phosphorylated at Thr residue(s) (Figs. 2-5) . Thr residues 181, 468, and 496 are potential phosphorylation sites in barley NDH-F (Bairoch et al., 1997). Sequence comparison of the NDH-F polypeptide from different species indicates that Thr-181 is conserved from Synechocystis sp. to higher plants within a highly conserved sequence (Gln-Lys-Ala-Phe-Val-Thr-Aspn-Arg-ValGly). None of the other potential phosphorylation sites in NDH-F show such high sequence conservation, suggesting that Thr 181 could be the phosphorylation site in the NDH-F polypeptide.
The good correlation between the degree of NDH-F phosphorylation and Ndh activity (Table I) indicates that the Ndh complex could be activated by phosphorylation of the NDH-F subunit. This process seems to be stimulated by H 2 O 2 in a Ca 2ϩ -mediated pathway. Accumulating evidence indicates that a wide range of environmental stimuli can modify intracellular Ca 2ϩ concentrations (Reddy, 2001 ) and modulate the generation rate of active oxygen species (Bowler and Fluhr, 2000) . H 2 O 2 induces changes in the intracellular Ca 2ϩ levels (Price et al., 1994; Pei et al., 2000) , indicating that both active oxygen species and Ca 2ϩ are functionally related. In plants, there are many types of Ca 2ϩ -regulated kinases that have been implicated in a variety of stress responses (Sheen, 1996; Hardie, 1999; Reddy, 2001 ). In addition, the redox state of the plastoquinone pool and H 2 O 2 -generation are the main signal sources in chloroplasts under photooxidative stress (Karpinski et al., 1999; Foyer and Noctor, 1999) . It is well-known that the redox state of plastoquinone pool controls the thylakoid-associated kinases that phosphorylate photosystem II and other thylakoid proteins (Bennett, 1991; Allen, 1992; Rintamäki et al., 1997; Verner et al., 1997; Kohorn, 1999, 2001 ). At present, there is no data regarding the role of H 2 O 2 in the regulation of thylakoid kinases. However, the activation of MAP kinases by H 2 O 2 has been clearly demonstrated (Desikan et al., 1999; Kovtun et al., 2000) . Moreover, it has been shown that a soluble thioldependent mechanism can modulate the chloroplastic kinase activities (Rintamäki et al., 2000; BaenaGonzález et al., 2001) . Because H 2 O 2 can oxidize protein thiol groups, it may be possible that thylakoid kinase activities can be directly modulated by H 2 O 2 .
The regulation of Ndh complex activity by NDH-F phosphorylation opens new perspectives on the functional role of this complex within the context of chlororespiration. Rapid changes of Ndh activity, as can be expected by reversible phosphorylation, may have influence on the dynamic levels of the redox state of plastoquinone and H 2 O 2 , two important elements implicated in the perception of photooxidative conditions and in modulation of the adaptative responses. As far as we know, this is the first report of a chloroplast protein phosphorylation regulated by H 2 O 2 and Ca 2ϩ .
MATERIALS AND METHODS
Plant Material
Barley (Hordeum vulgare cv Hassan) was grown on vermiculite under controlled conditions at 23°C Ϯ 1°C and a 16-h photoperiod of 80 mol photon m Ϫ2 s Ϫ1 white light. Subapical segments (3 cm in length) of the primary leaf of 14-d-old plants were used for the different treatments.
Leaf segments were incubated at 23°C Ϯ 1°C at different times up to 24 h with 0 or 10 mm H 2 O 2 , under relatively excess light (PhL, 300 mol photon m Ϫ2 s Ϫ1 ). In other experiments, leaf segments were preincubated with 5 mm DMTU and 5 mm EGTA under GL (80 mol photon m Ϫ2 s Ϫ1 ) and then treated as described above.
Leaf Crude Extracts and Thylakoid Isolation
Whole-leaf extracts were obtained by homogenization of 10 leaf segments with liquid nitrogen in a mortar with 2 mL of 50 mm potassium phosphate, pH 7.0, 1 mm l-ascorbic acid, 1 mm EDTA, 1% (w/v) polyvinylpirrolidone, and 2% (w/v) Triton X-100. The suspensions were gently stirred for 30 min and then centrifuged at 20,000g for 30 min. Thylakoid isolation was carried out as described by Casano et al. (2000) . Unless otherwise stated, thylakoid solubilization was achieved with Triton X-100 using a chlorophyll to detergent ratio of 1:20 (w/w) that mainly solubilized the thylakoid lamellae and the Ndh complex (Morrisey et al., 1986; Casano et al., 2000) . After being gently stirred for 30 min, unsolubilized membranes were separated by centrifugation at 20,000g for 30 min. All steps were carried out at 4°C. The supernatants of both whole extracts and thylakoids were used for zymograms and western-blot assays.
Immunoaffinity Matrix Preparation and Immunopurification of Ndh Complex
NDH-F antibody was produced by Sigma Genosys Co. (Cambridge, UK) using a synthetic peptide as antigen, which was established by the protein sequence analysis of barley NDH-F polypeptide (Gaut et al., 1997) . The amino acid sequence of the antigen peptide is WSKDEILSNSWLYS and corresponds to amino acids 414 to 427 of the NDH-F protein. Before injection of rabbits, the antigen peptide was coupled to the carrier protein keyhole limpet hemocyanin.
NDH-F or preimmune antisera were bound to a Protein A-Sepharose CL-4B matrix (Sigma-Aldrich, St. Louis), cross-linked with dimethyl pimelimidate (Schneider et al., 1982) , and then equilibrated with 50 mm Tris-HCl, pH 8.3, 150 mm NaCl, 1 mm EDTA, and 0.5% (w/v) Triton X-100. Triton X-100 solubilized thylakoid samples were incubated in batch with the preimmune matrix at 4°C for 1 h with gentle agitation. The supernatants were then incubated with the NDH-F immunoaffinity matrix under the same conditions. The immunoaffinity matrix was pelleted by a short pulse in microfuge, and washed twice with 10 volumes of 50 mm Tris-HCl, pH 8.3, 150 mm NaCl, 1 mm EDTA, and 0.5% (w/v) Triton X-100. The Ndh complex was eluted with 50 mm diethylamine, pH 11.5, containing 0.5% (w/v) Triton X-100. The eluted samples were immediately neutralized with 1 m NaH 2 PO 4 .
Gel Electrophoresis, Zymograms, and Immunoassays
Native PAGE was carried out at 5°C in a linear gradient gel of 3% to 10% (w/v) polyacrylamide (2.5% [w/v] bis-acrylamide) containing 0.1% (w/v) Triton X-100 (Casano et al., 1999) . NDH-DH zymograms were developed by incubating the gel for 20 to 30 min at 30°C in darkness with 50 mm potassium phosphate pH 8.0, 1 mm EDTA, 0.2 mm NADH, and 0.5 mg mL Ϫ1 nitroblue tetrazolium. In the control without NADH, no stain developed. The activity band corresponding to the Ndh complex was identified by immunoblotting.
For immunoblot analyses, samples were subjected to native PAGE, SDS-PAGE, or Tricine-SDS-PAGE (Schägger and Von Jagow, 1987) and transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA).
NDH-F polypeptide levels, or its derived tryptic peptides, were estimated using the NDH-F antibody described above. Phosphorylated polypeptides were immunodetected with mouse monoclonal phosphoamino acid (anti-phospho-Ser, anti-phospho-Thr, and anti-phosphoTyr) antibodies (Sigma-Aldrich). The different immunocomplexes were detected with the alkaline phosphatase western-blot analysis system (Roche Diagnostics, Mannheim, Germany).
In quantitative experiments (Table I) , zymograms and immunoblots were performed with 60 or 30 g of protein per treatment, respectively. These protein amounts are within the linear dose to response range for NADH-DH activity and for immunodetected NDH-F polypeptide and phosphorylated NDH-F. Each zymogram and immunoblot was scanned and quantified with a UVP Easy Digital Image analyzer five to seven times, and measurements with more than 30% deviation were discarded.
Trypsin Treatment of Immunopurified Ndh Complex
Immunopurified Ndh complex (0.5 g) was incubated in 100 mm TrisHCl, pH 7.5, and 10 units of trypsin for 4 min at 20°C. Reactions were stopped by the addition of soybean (Glycine max) trypsin inhibitor (75 ng g Ϫ1 trypsin) in SDS sample buffer and then boiling for 10 min. Samples were subjected to Tricine-SDS-PAGE and western-blot analysis, as described above.
Other Determinations
Total protein levels were determined by the Bradford method (Bradford, 1976) using bovine serum albumin as standard. Chlorophyll content was measured as described by Arnon (1949) . All experiments were repeated at least four times.
